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ABSTRACT 

The oil consumption characteristics of a four cylinder, 
normally aspirated spark-ignition engine were investigated for 
different piston ring end-gap configurations. A radiotracer 
was used to perform direct measurement of the oil consumption 
while Laser-induced Fluorescence (LIF) was used to perform the 
oil film thickness measurements for consumption predictions 
using the "Puddle Theory of Oil Consumption, " which relates 
oil consumption to second land film thickness and reverse flow 
through top ring gap. The consumption data was evaluated to 
determine the impact of top ring end-gap azimuthal location on 
oil consumption. The film thickness data was used to evaluate 
the extent to which the Oil Puddle Theory predicts variations 
seen in the actual oil consumption. 

A tritium radiotracer oil consumption measurement system 
with an accuracy of 94.6% was designed and constructed. This 
was used to perform direct measurements of the test engine oil 
consumption in two different test matrices. The first 
evaluated a piston ring configuration with the rings free to 
rotate. The second evaluated configurations with the top ring 
and second piston rings pinned to fix the azimuthal location 
of the end-gap; the azimuth of the top ring was varied. In 
the second test matrix, the oil film thickness on the piston's 
second land was measured, and predictions were made on the 
basis of that measurement. 

The first test matrix results indicated only a weak speed 
dependence and a large amount of variability in the oil 
consumption measurements. 

The second test matrix results showed an oil consumption 
speed dependence that was a function of top gap azimuth. 
Speed normalized results showed that the oil consumption was 
larger when the end-gap was on the thrust side of the test 
engine than when on the anti-thrust side. 
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Measured oil consumption differed substantially from that 
predicted. This was found to be due to difficulties in 
determining effective ring gap flow areas and due to a 
previously un-documented azimuthal variation in second land 
oil film thickness. However, analysis of the results also 
indicates that the Puddle Theory is still a plausible oil 
consumption mechanism. 
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Chapter 1: Introduction and Background 

1.1 Motivation 

Lubricating oil consumption (OC) in internal combustion 
engines has historically been of concern from an economic 
basis; the oil consumed in an hour of operation has to be 
replaced at some cost and with some impact on engine operating 
profile. The magnitude of the problem varies from a spark- 
ignition automobile engine consuming approximately four grams 
of oil per operating hour (0.43 g/bhp-hr) 1 to large marine 
diesels consuming approximately three kilograms of oil per 
operating hour (0.37 g/bhp-hr) 2 . 

More recently concern has been raised over the part OC 
plays in engine emissions. Lubricating oil admitted to the 
combustion chamber contributes to Total Unburned Hydrocarbons 
(HC) and other gases in engine exhaust streams. In the case 
of diesel engines, oil consumption has also been found to 
contribute to exhaust particulate matter (PM) . 

Unburned Hydrocarbons are composed of a variety of polar 
and non-polar organic compounds ranging from simple alkanes to 
substituted cyclo-alkenes and aliphatic ketones. 3 Depending 



Experimentally determined data for a Chrysler 2.2 liter 
engine . 

2 PHONECON with Hal Furlucci, Caterpiller, Inc. dtd 11 April 

1994. 



Reference 1, pg. 598. 



